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Coal, as one of the most important fossil fuels in our country, can be classified
into anthracite, bituminous, and sub-bituminous coal, as well as lignite. The lignite is
an abundant natural resource with 14% of the total coal reserves, and it can be
upgraded to a clean fuel or converted to value-added chemicals. Owing to the high
moisture in lignite (30~60%), its direct combustion will bring about many problems,
such as low thermal efficiency, energy waste and serious environmental pollution.
Coal has a quite complicated macro molecular network structure, and its physical
and chemical properties are still less known up to now. With the rapid development
of quantum-chemistry methodologies and computer technology, theoretical
calculations and simulations can be applied to large and medium-sized systems. Here
extensive density functional theory (DFT) calculations have been used to explore the
structures and spectroscopic properties of lignite structural units and their radicals,
and the main results are summarized as follows:
1. The equilibrium structure, stability, and vibrational analysis of lignite
structural units have been discussed based on DFT calculations, and the infrared
characteristic absorptions of structural units were assigned, which may enrich the
structural and spectroscopic data of lignite.
2. Based on calibration calculations on six representative compounds by
different functionals, the feasibility of both B3LYP and HSEH1PBE for this kind of
lignite structural systems was validated.
3. Electronic absorptions of coal structural units containing bicyclic and
tricyclic heterocycles have been investigated by B3LYP/6-311G(d, p) calculations,
and the relationship between the structure and the corresponding UV spectrum was
established. The types of hetero-atoms and their positions show remarkable effects
on the absorption features, and the predicted spectroscopic properties are helpful for
the structural characterization of lignite and its photochemical property.
4. In order to have an insight into possible pyrolysis and photolysis products of
lignite, DFT calculations have been extended to the possible free radicals of lignite
structural units, and the structural and spectroscopic properties have been studied.
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